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e The LHC is in full swing

« Expecting >150 fb! (run1+2)
>300 fb ' (run1+2+3)

e Impressive results by
experimental collaborations

« Challenge in the years to come:
Precision and subtle effects

Leave no stone unturned.

« Top quark physics is one of the
most prominent places to search
for New Physics
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Part 1: State-of-the-Art
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NNLO QCD + NLO electroweak corrections

Journal of High Energy Physics
October 2017,2017:186 | Cite as

Top-pair production at the LHC through NNLO QCD
and NLO EW

Authors Authors and affiliations

Michal Czaken, David Heymes, Alexander Mitov, Davide Pagani . loannis Tsinikos, Marco Zaro
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Top-pair production at the LHC through NNLO QCD
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Authors Authors and affiliations
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Uncertainties
scale + 3%
pdf + 2%
alpha_s + 1%
m_top t 3%
electroweak + 2%

First NNLO QCD correction:
[Czakon,Fiedler,Mitov] (2013)

First NLO weak corrections:
[Beenakker,Denner,Hollik,
Mertig,Sack,Wackeroth] (1993)
[KGhn,Scharf,Uwer] (2007)
[Bernreuther,Fucker,Si] (2008)
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First NNLO QCD correction:
[Czakon,Fiedler,Mitov] (2013)

First NLO weak corrections:
[Beenakker,Denner,Hollik,
Mertig,Sack,Wackeroth] (1993)
[KGhn,Scharf,Uwer] (2007)
[Bernreuther,Fucker,Si] (2008)
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« Electroweak Sudakov suppression: -20% at p =2 TeV

« Photon initial states: Very small contribution
« Real emission of Z/W-Bosons: only ~ +3% at large p_
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Towards NNLO QCD with top quark decays

PHY SICAL REVIEW D 96, O51501(R) (2017)

Top-quark pair-production and decay at high precision

™ |. ™ ¥ 3
Jun Gao' and Andrew S. Papanastasiou

NNLO production
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NNLO decay
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NLO- productlon x NLO-decay

S e

« Includes NNLO decay through spin-correlated

Narrow-Width-Approximation O(T; /m;)
- Approximate NNLO production correction

from SCET-based soft-gluon resummation
[Ahrens,Ferroglia,Neubert,Pecjak,Yang] (2010)
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ratio to NNLO

Towards NNLO QCD with top quark decays

Top-quark pair-production and decay at high precision

PHY SICAL REVIEW D 96, 051501(R) (2017)
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Towards NNLO QCD with top quark decays

PHY SICAL REVIEW D 96, 051501(R) (2017)

Top-quark pair-production and decay at high precision
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Towards NNLO QCD with top quark decays

PHY SICAL REVIEW D 96, 051501(R) (2017)
Top-quark pair-production and decay at high precision
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Journal of High Energy Physics
March 2018, 2018:85 | Cite as

Polarized double-virtual amplitudes for heavy-quark
pair production

Authors Authors and affiliations

L.Chen, M. Czakon [~ , R. Poncelet

1
Ry = F TrR™ (14 80) ® (1+80)

2-loop

Rglémp = Agg + (B)q“g (F’m aﬁPlpPZuPaa st + €' aﬁplppi‘r/p{cx ‘»tﬁ)

€y (5090 ) + Dy (0150050 + 250250

+Biady (015250 ) + (Banlyy (025001 50)).

 Numerical interpolation grid

with thresh. and HE-expansion
» Full spin and color information

« Provides spin-density matrix
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Single top quark production + decay at NNLO QCD

NNLO QCD corrections to t-channel single top quark production

and decay

Edmond L. Berger, Jun Gao, C.-P. Yuan, and Hua Xing Zhu
Phys. Rev. D 94, 071501R) — Published 4 October 2016

i

projection-to-born
1-jettiness phase space slicing

Double DIS O(a? \12)

variant of beam thrust
phase space slicing

[Berger, JG, Zhu, 2017]

inclusive
jet mass

First NNLO production calculation:
[Brucherseifer, Caola, Melnikov] (2014)

First NNLO top decay calculation:
[Gao,Li,Zhu] (2012)
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Single top quark production + decay at NNLO QCD
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Journal of High Energy Physics
Movember 2017, 2017:158 | Cite as

Differential distributions for t-channel single top-quark

production and decay at next-to-next-to-leading order in
QCD
Authors Authors and affiliations

Edmond L. Berger, Jun Gao [~ , Hua Xing Zhu
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« First fully differential calculation for top quarks with

production and decay at NNLO QCD

do/dpr [pb/GeV]

Ratio

First NNLO production calculation:

[Brucherseifer, Caola, Melnikov] (2014)
First NNLO top decay calculation:
[Gao,Li,Zhu] (2012)
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Resummation

Journal of High Energy Physics
May 2018, 2018:149 | Cite as

Resummation for (boosted) top-quark pair production
at NNLO+NNLL in QCD

Authors Authors and affiliations

Michal Czakon, Andrea Ferroglia, David Heymes, Alexander Mitov, Ben D. Pecjak, Darren J. Scott . Xing Wang, Li Lin Yang

t1l,m? > §(1 — 2)2,
2 2 2 2 2
til > mi > 51 —2)° > mi(l —2)

soft limit: 3,

boosted-soft limit: 3,

i B 75 7% | H™, 3™ Cp, 3p ol LF
NLL |[NLO |LO LO n—1<Fk<2n
NNLL | NNLO | NLO NLO 2n —3<k<2n
NNLL' | NNLO | NLO NNLO 2n —4 <k <2n

Table 1. Our naming scheme for the logarithmic accuracies. We list the perturbative orders
at which the cusp anomalous dimension, the QCD fg-function, all other anomalous dimensions
and matching functions need to be evaluated in order to obtain resummation at a given
logarithmic order.
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« Note: Boosted-soft resummation is the
small-mass limit of soft gluon resummation

Transverse-momentum resummation for
top-quark pair production at the LHC

Stefano Catani'”, Massimiliano Grazzini'® and Hayk Sargsyan®

(June 2018)
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Off-shell calculations

Journal of High Energy Physics
February 2018, 2018:13 | Cite as

Off-shell production of top-antitop pairs in the
lepton+jets channel at NLO QCD

Authors Authors and affiliations

Ansgar Denner, Mathieu Pellen

» extends previous off-shell calculations through L+] channel pwlSEe———————

prj, [GeV]
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Off-shell calculations

Journal of High Energy Physics 10%

February 2018, 2018:13 | Cite as

Off-shell production of top-antitop pairs in the
lepton+jets channel at NLO QCD

ER(IENS

Authors Authors and affiliations

Ansgar Denner, Mathieu Pellen
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- extends previous calculation in the narrow-width approximation
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Off-shell calculations

Journal of High Energy Physics
February 2018, 2018:13 | Cite as
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TTK-18-09, HU-EP-18/07, IPFP/18/17

- extends previous calculation in the narrow-width approximation

Journal of High Energy Physics
February 2017, 2017:53 | Cite as

Higgs production in association with off-shell
top-antitop pairs at NLO EW and QCD at the LHC

Authors Authors and affiliations

Ansgar Denner, Jean-Nicolas Lang, Mathieu Pellen ,Sandro Uccirati

- extends previous calculation in the narrow-width approximation
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Part 2: Physics Impact on SM and BSM



Top quark mass

A Theoretical Study of Top-Mass Measurements at
the LHC Using NLO+PS Generators of Increasing

Accuracy
(Jan 2018)

Silvia Ferrario Ravasio,” Tomas Jeio.f’ Paolo Nason,® Carlo Oleari®
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Top quark mass

A Theoretical Study of Top-Mass Measurements at
the LHC Using NLO+PS Generators of Increasing
Accuracy

(Jan 2018)
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NLO and off-shell effects in top quark mass
determinations
(Sep 2017)

Gudrun Heinrich,” Andreas Maier,” Richard Nisius,* Johannes Schlenk,®
Markus Schulze,? Ludovic Scyboz,” Jan Winter ©
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Top quark mass

A Theoretical Study of Top-Mass Measurements at
the LHC Using NLO+PS Generators of Increasing

Accuracy
(Jan 2018)

Silvia Ferrario Ravasio,” Tomas Jeio.b Paolo Nason,® Carlo Oleari®

NLO and off-shell effects in top quark mass
determinations

(Sep 2017)

Gudrun Heinrich,” Andreas Maier,” Richard Nisius,* Johannes Schlenk,®
Markus Schulze,? Ludovic Scyboz,” Jan Winter ©
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Top quark mass

A Theoretical Study of Top-Mass Measurements at
the LHC Using NLO+PS Generators of Increasing

Accuracy
(Jan 2018)

Silvia Ferrario Ravasio,” Tomas Jeio.b Paolo Nason,® Carlo Oleari®

NLO and off-shell effects in top quark mass
determinations

(Sep 2017)

Gudrun Heinrich,” Andreas Maier,” Richard Nisius,* Johannes Schlenk,®
Markus Schulze,? Ludovic Scyboz,” Jan Winter ©

Journal of High Energy Physics
March 2018, 2018:169 | Cite as

Top quark mass studies with tfj at the LHC
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Top-Higgs coupling

Single-top associated production with a Z or H
boson at the LHC: the SMEFT interpretation

(Apr 2018)

Celine Degrande,” Fabio Maltoni,” Ken Mimasu,” Eleni Vryonidou,” Cen Zhang®
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Top-Higgs coupling

The European Physical Journal C
December 2017, 77:887 | Cite as

Trilinear Higgs coupling determination via
single-Higgs differential measurements at the LHC

Authors Authors and affiliations
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Top-Higgs coupling
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Electroweak top quark couplings

Study of top quark dipole interactions in tt production associated & '

with two heavy gauge bosons at the LHC W

Seyed Mohsen Etesami, Sara Khatibi, and Mojtaba Mohammadi Najafabadi W

Phys. Rev. D97, 075023 — Published 17 April 2018 -
£

Table 6: Limits on dﬁf_:z and d‘f&'z at 95% CL corresponding to 30, 300, and 3000 fb~! integrated

Inminosities.
Coupling 30 fb~! 300 fh1 3000 b1
d? [-0.023,0.026] [-0.012.0.015] [-0.006.0.009]
d"& [-0.024,0.024]  [-0.013,0.013]  [-0.007,0.007]
d%" [-0.22,0.21] [-0.12,0.11] [-0.07,0.06]
dﬁ’ [-0.21,0.21] [-0.11,0.11] |-0.06.0.06]
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Figure 3: The limits at 95% CL on df, (right panel) and on d* (left panel) from t{WW (same-sign
leptons) and ¢£ZZ (four-lepton) with 300 and 3000 fb~! are shown. The indirect limits on d¥
(neutron electric dipole moment) and on df, (rare B meson decays) are presented as well as the
limits from the combination of ¢¢ cross section at the LHC8 and Tevatron. Also, the limits which
could be derived from tail of {f mass spectrum at the FCC-hh and LHC are shown.
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Community effort: Setting Standards

Interpreting top-quark LHC measurements
in the standard-model effective field theory

J. A. Aguilar Saavedra.' C.Degrande,” G. Durieux,”
F. Maltoni 1 E. Vryonidou,? C. Zhang® (editors),
D. Barducei,” I. Brivio,” V. Cirigliano,® W. Dekens,®? J. de Vries,'Y C. Englert,!!
M. Fabbrichesi, C. Grojean,*'* U. Haisch, > Y. Jiang.” J. Kcl.IIl(‘?Ili.]:{.,la!lﬁ

M. Mangano,” D. Marzocca,'? E. Mereghetti,® K. Mimasu,* L. Moore,* G. Perez,"

T.Plehn.'® F.Riva.? M. Russell.'® J. Santiago,'¥ M. Schulze,'? Y. Soreq,?
A. Tonero,”t M. Trott,” S. Westhoff,'® C. White,?? A. Wulzer,>2321 J, Zupan.?

2 Guiding principles
3 Operator definitions

4 Flavour assumptions
4.1 Baseline U(2), x U(2), X U(2)4 scenario

4.2 Less restrictive U(2),4 444 scenario

4.3 More restrictive top-philic scenario

5 Example of EFT analysis strategy

6 Summary and outlook
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SUMMARY

o Incredible progress on all fronts: LHC, detector experiments & theory

» Top quark physics is particularly thriving
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loops

NNI
(
Res v
t it +jet b/ i i 1egs
stable tops, T v iy
narrow width approx,
off.shell effects (WWbb),

o Incredible progress on all fronts: LHC, detector experiments & theory

» Top quark physics is particularly thriving

o State-of-the-art OR near future:
single top, ttbar: NNLO QCD+ NLO EW in production and decay (NWA)
single top, ttbar, ttbar+X: NLO with off-shell effects
single top, ttbar, ttbar+X: NLO beyond SM,

Exploration of on-shell vs. loop sensitivity
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SUMMARY

o Incredible progress on all fronts: LHC, detector experiments & theory

» Top quark physics is particularly thriving

o State-of-the-art OR near future:
single top, ttbar: NNLO QCD+ NLO EW in production and decay (NWA)
single top, ttbar, ttbar+X: NLO with off-shell effects
single top, ttbar, ttbar+X: NLO beyond SM,
Exploration of on-shell vs. loop sensitivity
» Future challenges:
Exp. uncertainties often smaller than theor. systematics, already now
Improving precision on #tbar below 5% precision

NNLO for ttbar+X: 2-loop and 1-loop-real corrections
13/13



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

